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Pigure 3.3. Rotor Angles in Longitudinal Plane. 
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Pigure 3.5. Approxinated Stall Area. 
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a. PURPOSE 
Tnts subroutine calculates the ratfo of total blade area 
to the total rotor disc area, 


b. ASSUMPTIONS 
None 


c. EQUATIONS. 
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ces ae ae * = cee 
PIs R? PI *R 


d. FLOWCHART 





calculate 
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return 
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3. 


a. PURPOSE 
The purpose of this subroutine Is to compute the {!nduced 
veloc{ty of a rotor system. 


b. ASSUMPTIONS 
Steady flow through the rotor system. 


c. EQUATIONS 


a 


W 
20h, V. 


Gd. FLOWCHART 





calculate 
downwash 
velocit 








store DW 
In R32 
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a. PURPOSE 


Thfs subrout{fne calculates the coefficfent of thrust for a 
arb{ftrary rotor. 


Bb. ASSUMPTIONS 
Steady flow through the rotor system. 


Cc. EQUATIONS. 
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CoeTt Of 
thrust 





return 
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(2) PURPOSE 


This subroutine calculates «he power requirs: 


Pemeemectice £hrust at hover and forward flight. <Additio 


jimesecuprOuc n= Corztects for tip ilosses (losses in 


mes edus tip vo=icss) as well as ground 2ffect. 
(5) ASSUMPTIONS 


eae, tlLOoW ese Ough the rotor syStén. 


ee = - 
0 


(2) EQUATIONS 





B = 1.0 -V2 cI 
D 
GE = -0.1276(h/D) *+9708 (h/D) 3 
-1.5569(h/D) 2+13432(h/D) +0.5747 
PIT = (1/B )*(GE) *PI 
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a. PURPOSE 


This subroutine calculates the proffle power required for 
forward, strafght and level flfght fn terms of horsepower. 
b. ASSUMPTIONS 


Steady flow through the rotor sustem, 
C. EQUATIONS. 


= 2 1,2 
o. a Cdo @ aie Cede 25 7) (hp) 


4400 


d. FLOWCHART 
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= ag 28) Gra <p <a «ab EE = a 


a. PUPOSE 
Tnfs subroutine calculates the paras{te power requfred {n 


forward, strafght and level flight. 


b. ASSUMPTIONS — 
Steady flow through the rotor system, 


Cc. EQUATIONS. 
of V 


pp 


Gd. FLOWCHART 
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power 


store PP 
fn R28 
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a. Purpose 
This subrout{ne calculates the power-l{m{ted maximum speed 
of the specified helfcopter. 


b. ASSUMPTIONS 
a. The power-lfmfted maxfmum velocity may be est{mated 
by neglecting the varfatfin of {!nduced power and profile 
power with speed. 
b. Power required to hover {s approximately equal to 
power required fo maximum speed. 
c. Steady fiow through the rotor system. 


C. EQUATIONS. 


VMAX = ov, eae ye 
#74, 
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calculate 
max fwd 
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NO NES 


vf > 
max? 


return set flag 
02 


NO jag 0 YES 
set? 
return display 
VF > VMAX 


execute 
subr out {ine 
change 
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A, PURPOSE 
To calculate the value of velocity corresponding to 
minfmum power ({.e., best endurance veloc{ty and/or best 
rate of climb).- 


B. ASSUMPTIONS 
1. Steacy flow through the rotor system, 
2. The varfation of proffle power witn forward velocity 


ts negligible. 
C. EQUATIONS 


ef «(oA 7»? (ft/s) 


Vee 9 «A 3% f 
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convert 
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Knots 


return 
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a. 


b. 


C. 


PURPOSE 

Thfs subroutine gives the user of the HP 41-CV an {nitial 
approximation for the velocity at whfch the retreating blade 
angle of attack fs approxfmately equal to the {fs approximately 
equal to the static stall angle of the rotor blade. 


ASSUMPTIONS 
1. Steady flow through the rotor system, 


2. Stall onset velocity {!s approx{fmately equal to the 
velocf{ty for best range (f.e., minimum P/Y), 


EQUAT IONS. 


UO 
i 


(-4,25 o Cdo ait )/(4F) 


r = (-c Cdo A VI)/(4F) 
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This subroutine 
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a. 


PURPOSE 
Infts subroutine calculates tne angle of attack at the 


az{muthal posftion of 90 degrees. 


ASSUMPTIONS 

a. Steady flow through the rotor system. 

b. Blade oscf{llatfons are perfodic {!n nature. 

c. Only first narmonics of flapping are necessary for 
calculating angle of attack. 

The thrust vector passes through the C.G. 

Only unfform twist of tne rotor blade !{s possible. 


EQUATIONS 
r 
a See, CL + ou} 
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C. 


PURPOSE 

Tnis subroutine calculates the power required due to com_ 
pressfbfifty on the main rotor sustem {n forward,strafght 
and level flfght {n terms of horsepower. 


ASSUMPTIONS 

a. Steady flow through the rotor system. 

b. The compress{bilfty losses can be expressed as a function 
of the amount by which the drag divergence Mach nunber fs 
exceeded at the tip of the advancing blade. 


EQUAT IONS. 
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a. PURPOSE 


This subroutine estimates tne additfonal power required [n 
forward, strafght and level flfght due to retreating blade 


Stall. 
correctfon factor, K 
of {Inboard stalling. 


DB. ASSUMPTIONS 
a. 
B. 


Additfonally, this subroutine calculates a stall 


Steady flow through the rotor system. 
The sectfon drag coefficient at stall jumps approxi- 


mately 0.08 at stall onset. 


Ge 
az{mutnal pos{tion. 
qd. 


Tne stalled area {fs symmetric about the 270 degree 


approximately 12.5 degrees. 


c. EQUATIONS 
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that corrects for the special case 


For all afrfofls considered, tne statfc stall angle is 


1/2 
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a. 


PURPOSE 

This subroutine calculates the total power required tn 
forward, strafght and level flight, to fnclude stall and 
compressibility power In terms of hnosepower. 


ASSUMPTIONS 
Power losses, such as transm{fssfon and coolfng, can be 
Ignored, 


EQUAT IONS. 
Pp =P +P +P +P +5 
{ ° p 3 
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FLOWCHART 


recall P 
required 






recall P 


sum all 
required 


power 
required 








recall P 
required 
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a. PURPOSE 
To generate values of air densfty and sonic velocity. 
b. ASSUMPTIONS 
(1) Geopotential altftude (H), and geometric altitudes are 
equal below 20,000 feet (actual AH = 29 ft). 
(2) In the troposphere the standard temperature lapse 
rate 1s -3.57 F per 1000 feet. 


Cc. EQUATIONS 
9 = WANs = (1.0 - 6.8753 £-06 * H ) 


SVEL = SVEL x SQRT(9) 


RHO = 0.0023769 *« (1.0 + HTH * (-.02875 + 0.000275 * HTH) 
where, 


HTH = DA/1000 
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calculate 
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calculate 
air 
densft 
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a. 


C. 


Change 


PURPOSE 


This subrout{!ne !s used to expedite the changing of up 
to ffve of the fnput parameters whenever a des!gn restraint 
1s exceeded and/or at the end of the mafn program, 


ASSUMPTIONS 


The primary parameters whfch wfil require changfing are; 


a. 
DO. 
C. 
CG. 
e. 


EQUATIONS 


VF 


Forward veloc{ty, VF; 
blade twist, TW; 

lift curve slope, a; 
tip veltoctty, VT; 
wefgnt, W; 


(Kts) 
(rads) 
(per rad) 
(ft/sec) 
(lbs) 


(ft/sec) = VF (Kts) * 1,68894 
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new data. 
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B. Pet DATA RECULRED 
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C. Boe eOronk SAMPLE DATA 


Popo ec. ' below Gilustrates the fFostmat cequired wher 


meoutsig data. 


TABLE C.1 HELICOPTER SAMPLE INPUT DATA 
RADIUS cdo a vr PPA 

Eo Bud 75 1051 2% 13359 Av 
CATS? NO. BLADES CHORD INITIAL VEX CLA 
-.1745 oie Pe. Died) Sees 

q CLMAX NO. ENGINES TYPE AIRFOIL DA 
1000. 1.4 we ye 1000. 
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POWER REQUIRED VS VELOCITY 
FOR THE AHi-J USING THE HP 41-CV 
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Figure C.1. Powar Curves Generated by HP41-CV Prograrg. 
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POWER REQUIRED VS VELOCITY 
FOR THE AHi-J USING THE IBM 3033 
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Figure C.2. Power Curves Generated by “he [3A 3033 Program. 
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Figure C.3. Comparison Between Computer Data and Actual 
Test Flight Data. 


135 





t- 
tH 
WM 
ta 
© 
tr 
us 
ta 
yy 
{tj 
6 
ty 
es 
OM) 
{24 
MQ 


, PRINCETON 


ee 
(2 
ob 

O 
ea 
tte 
i+ 
a 


sn 


JOHNSON, W., HELICOPTER THEOR) 
Pr2ss, 4 80 ener 


LAYTCN, D. W HELICOPTER PERPIRMANCZ, NAVAL 


Postgraduate School? Meus 


wy 
Oo 
s 
tz 


in 


NATIONAL ADYI Pe cOu rns s POR ASRONAUTICS TN 2656, 
Pees eMeomemmmmpnalystS FOr Lifting Rozsrs That Is 
Bop Mice OD Seraeambarhge getiow <AnglSss" Ahad Any 222sone5l3 
oe BeOteeeeeeoyeGest less, Wl, ani New, Ns. “C.;, July” 


NESORMN IGA Be 
Acadenic bress, 


hay AL SURFACE WEAPONS SEN R NSWC/DL-TR-38 23, 4 
Pie eee OP Pc=SeMe=ning Weapons Relsass 
Meee aoe ee le PeCcapter in Non=Acceisra ei Fiiah=, 
Ree ee Se, ANd MCEOTMUSK, 3S. 4. , =3 Dec” N97 G- 


NATIONAL ADVISORY CCMMITTE FOR AERONAUTICS TN 3798, A 
Enscretical Estimates 32f hs Eizeces 9: 
poles = so eons) tas PSPecemancs 55 (6 Helicopeer | 
xO-OL in Varzous Fligh= conditions, dy Gessow, As, and 
Gmemeks De, 1995. 

CARMONA, W. F.,. A MATHEMATICAL HODSL OF UNSTEADY 
Astodynamics, Radial Flew ars Stsil dys-stisis E=fscus 
Hom een eel tea. On £O  Prsliminasy Hilbecoo ter “J2s52aGr 
Sr2sen-eq at <n Naval Dsstqraduialts ScnooLT, Jains 7933. 


136 





O 
eS 
q) 


aya 
tf} 


tO 


Deieuse Technical Information Canter 
Caasz en Dae at 
heemamacta, Vergansa 22374 


c 
. d 


= 


iq Fu 
thes Co 
On 
ict 
JD bo 


tm sv «Dp 


Sern 
a 9 


| 


co 
a oo 


3 


Vepaernen= Caassman, Ccde 6/ 1 
Betas -0e€1 tt C= Asronaut: cs 

Naval Postaraduate Schcol 

Monterey, California 93943 


Sarmona 5 


da? 33.034 


Gs 


na Ge Mala Yt On 
ostqzadua=¢ School 
arta 4 


oOo 
ornia 93943 


<i ow 
(9 pW pas 


Ort 


mn 
585 Minuteman D 
Newocrt News, V 


Aviation Safety Programs 2 
Code 034 ZG 

Naval Postgraduate School 

Monterey, California 93943 


eo) 





i 
= 
: 

















* 


| 


high sp 
| 


0 oS CN ma 

6 =< : 

S Sa WL : as : 

————— — ) = Re p 

0 Eee a co 

SS oF = . 

Ss =—$AO a 

oy SE OZ . 2 : 

= ©* "st 

~ ——— 10 ie 

———— Lu o Z 

2 Sa (0 5 Be oe ie 
3 56h a ; 
oS Na - y ; 
283 S a oe 
03 SM” Ss : ap 
a ox 

o © ——— ns . . ra ape 
£oO 











hen A a4 
& bh eet 
| ee tek ke ss * 


pte Pa] Y . Ao FX 
kt PA Sesh a te oa . Lt 





Piegig tle eS ‘+s 
2 aes em ee Re ren < i i 
> be ° Perey ¥ r e 
Se a ee ee Pe NS Ate RE me ee i S| way 


> = a 
© 
- 
- 
7 = 
¥ - 
° 
5 
a 
e i = 
- 
Pe a 
° 
° 
5 
_ 
e Sd FP = 
Ps 
: od 
cd 
a 
a 
‘ 
ad ad 
@ 
» # 
. = 
= ol 
a 
es 
a “ 
i 5 va 
P s F 
. 
* 
- = 
« * Z 
a a = 
- 
- 
CJ 
° . ; 
Cd 
“ - 
« 
- - 
= 
= th ms 
i > a 
2 nd 
ri = = 
F 
al ¥ e baa 7 @ 
A 
fa "ie BY - me . 
‘ - 7 @ 7 ra = 
sd a . 
i sd 
: . we - « 
Cs " - 
é¢ «6 a ms pee » 
¢ * 
eg 
=) — a 
= a See aa 
 @¢ ~~ r an C4 
or a K = 
. od ; pe A oe : 
> 
’ = o - 
vs - 
all 7 = a 
- e 
- 
r é = aah oe , 
s re ° ° : ng - 
: nd bade amtel oad 
» = Lend > 
be 4 PC et 
‘ i hte _ a m 
= bd i 
” . a - “a oa 
os d r ho 2 ee e 
- oa 
J = = * # a 
: a - bal a * 
9 aa Sno - oe 
sé ° bat 2° a Ss 
‘ ae | 5 of dient rd Py - = 5: 
. x - * dal aE ¢" » ete ne 
a mg a papi 7 
: °. Ze “- La 
° - be . TT q eT. Be 
z Ps a ? a eve a on a es = 
o P - 
r sf A » - #6 Re salle cn On 
- A r Pe ~ 
* a - a 
e a ra m = . a dl = yess 
Ps , - e tat F othe 
- a Tr) : - 2 Q 
a to “ Oe on peel 
* ad . ~~ a 
a my y 
betel ” ra | tS 
od e r a p - = . 
° ME Pe een °C > wal 
os! 'd J Ns eet catl 2 ae 
a my oa 
° . Ps ts dm et 
ry J pa 4 Be Ci oduatl ae ae 
ss = Pr, bgt ee te 
f =e . Geel Mee ah em 
Pe 7 Apts ald ve SL bi 
4 7 : Al OA - ry vitpattiel Ve dee | 
“ rl Cee, wd goal ee 
ash 2 a e* ot 62% as af oles - es 
, - ce ft 
Ns a | - . ng "@ bd a Ae Pi. = 
q a tn Ty 
: % o Nia we pes 
*-e@ IRA rrr eo 
a " (ea) i s Pry woe 'd © Plamen me 
P i oe ae weénsteas ” eT ed 


